Artificial light strongly stimulates the testes of immature ducks when given for 16 hours a day for three weeks.`' Ducks of the Pekin and Rouen breeds were used in the experiments.
It is known that the pituitary gland is essential to both initiation and maintenance of the photo-sexual reflex. When it is removed after the animal has been submitted to stimulation by light, the testes rapidly decrease tc a resting state."
Some experiments had shown that local application of light was acting on the eye itself.`8 However, strong light stimulation induced testicular growth even after complete severance of the optic nerve or bilateral removal of the eyes8910 (Fig. 2 ). These observations suggested the existence of a second photosensitive center. In 1936' I could not determine whether this "deep" photoreceptor was located in the pituitary gland or in adjacent nervous structures; subsequent experimentation, however, enabled me to conclude that it was located within the hypothalamus. Direct supply of light onto the hypothalamus, by means of a glass tube or a quartz rod introduced through the socket of the eye after removal of the orbital organs and tissues, strongly stimulated the genital glands (Fig. 3) .
Other physiologists, studying the melanophorotropic function, had already approached this problem. In a remarkable series of experiments on the minnow, von Fritsch' observed that application of light to the diencephalon induced the fish to turn dark. This effect was caused by expansion of the melanophores. Scharrer1' obtained similar results in studying the response to light of the same animal. After performing different surgical interventions on the brain, he came to the conclusion that the central photoreceptor involved could be some sensorial ependymal cells, or secretory cells of the preoptic nucleus. In 1935 Rodewald,18 experimenting on Rana temporaria, showed that the stimulating action of light on the melanophoretic function of the hypophysis vanished after destruction of the hypothalamus.
In another experiment on the duck, we succeeded in directing a thin beam of parallel rays onto different levels of the brain surface. Direct supply of light onto the visual cortex itself was ineffective, whereas it induced a genital response when applied to the hypothalamus and to the rhinencephalon, a structure very closely connected to the diencephalic centers' (Fig. 4) .
The evidence for the existence of both peripheral and central photoreceptors is summarized in the following experiment""' (Fig. 5) . Immature drakes were tied to specially devised wooden boards, groups of two animals FI(G. 2. Testes of two ducks given a fair amount of light during 16 hours a (lay after section of the optic nerves. Surface area was increased approximately 7 times. FR;. 3 . Surface increase ( Sw/Sa) of the left testis. In these subjects light was dlirectly brought onto the hypothalamus through a quartz rodl. Aniimial 3 receivedl blue, animiial 2 red, animal 4 infrare(d radiationis. Subject 1 served as control; the (luartz rod was intro(luced iinto the hypothalamiius but no light was giveni. Compare the drawings representing the outline of the testes before the experiment with the photographs taken at autopsy. each placed at different distances from a weak source of light (240 lumen only). In each pair, one duck had one optic nerve sectioned, the contralateral eye being covered with a black screen; the second duck served as unoperated control. The ducks were then given artificial light for fifteen hours every fifth day during one month. 21 633 1661 20 19 -% whose optic nerve has been sectioned on the illuminated side (N-with-arrow). The extent of the stimulation is proportional to the increase in testicular surface during the experiment (Sw/Sa). Normal and operated animals were paired and fixed at various distances from a source of light; their response is given in function of the relative light intensity. Operated ducks responded less than normal controls; lights stimulated both the superficial and deep receptors, in the N series, and the deep receptor only, in the N-with-arrow series.
At autopsy it was noted that: i) within a series, the testes grew the most when the distance to the source of light was the shortest; and ii), within each group the testes were less developed in the bird with section of one optic nerve. The action of light on only the central photoreceptor in the former case and on both the central and peripheral receptors in the latter account for this difference in testicular growth. The minor but positive testicular response in operated drakes can be accounted for by a penetration of light to the hypothalamus through the eye and the tissues of the orbital fossa.
Such penetration could be demonstrated by means of both photographic 99 YALE JOURNAL OF BIOLOGY AND MEDICINE and photoelectric methods.>"8 The transmittance through the tissues is very weak for the short wavelengths (1/2000 for indigo radiations and 1/630 for green), but appears to be greater for longer wavelengths (1/130 for orange light and 1/55 for 647 mu red radiations), so that red rays can penetrate to the hypothalamus with a sufficient intensity to activate the deeper photoreceptive structures, adding their effect to the action of the retina (Fig. 6) this question on the basis of both morphological and physiological studies performed by Dr. Assenmacher and myself.
Anatomical links between the hypothalamus and the pars distalis of the pituitary. Dr. Assenmacher and I have studied the anatomical links between the hypothalamus and the pars distalis in ducks. Using the Bodian impregnation technique, we were not able to establish the existence of a direct nervous link, but the study of the vascularization of this region enabled us to describe a very remarkable link-the hypophyseal portal system not previously described in the birds"9 ( Fig. 7) . All, or nearly all, the blood reaching the sinusoidal capillaries of the pars distalis (secondary capillary plexus) passed first through about twenty-five portal vessels which drained a highly developed capillary network (primary capillary plexus). This network was spread over the surface of the median eminence and received blood from small arteries derived from the internal carotids.
The superficial layer of the median eminence contained a very peculiar disposition of nerves and neurosecretory fibers that were in close contact with the primary capillary plexus. In the first place, there were numerous nerve fibers originating in the anterior hypothalamic nuclei and descending through the supraoptico-posthypophyseal tract to end in loops near the blood vessels" (Figs. 8 and 9 ).
Secondly, there were a great number of granules at the surface of these loops, granules that stained with Gomori's Chrom-hematoxylin-phloxin (CHP) or by Gomori's fuchsin paraldehyde (AF) (Fig. 10 ). The granules originated in the supraoptic and paraventricular nuclei ;5"' no other hypothalamic nucleus contains such abundant CHP-and AF-positive material.
INFERENCES
These structures strongly support the theory of a neurohumoral mechanism in the hypothalamic control of the anterior lobe, which was suggested by Green discrepancies between control values and the effect of such interventions would indicate the involvement of the hypothalamus (Fig. 11) . This is not possible in mammals because a section of the portal vessels cannot be performed without severing at the same time the nerve fibers of the hypothalamo-hypophyseal tract. Pituitary homografts placed at a distance from the median eminence of male adult ducks hypophysectomized by Dr. Assenmacher were used to obtain one type of total hypothalamo-hypophyseal interruption. Nine ducks survived in very good condition, thanks to the graft, and were sacrificed two and a half months to six months after surgery. No significant pituitary was found at autopsy in the sella turcica and all grafts were well vascularized. The pituitary cells were degranulated and small and although well vascularized and living, they seemed to have undergone a process of "dedifferentiation" as a result of the absence of hypothalamic inducing factors. In all animals the testes were atrophic even when light was given prior to autopsy. This demonstrates that hypophyseal tissue, when deprived of its apical blood supply from the median eminence, is not capable of maintaining a normal gonadotropic function.
2. Section of the hypophyseal portal vessels.3"`In this experiment (26 cases) a piece of sclera taken from the resected eye was introduced between the median eminence and the pituitary, after section of the portal vessels, in order to prevent regeneration of the portal vessels. Thus the adenohypophysis was deprived of blood that had circulated in the "special zone" of the median eminence to reach the gland mainly through the anterior portal veins.
The results of this intervention could be correlated with the vascularization of the hypophysis at autopsy. When all anterior portal veins were severed, or no vascular regeneration occurred between the median eminence and the gland, then the testes were atrophic and the photosexual reflex was abolished ( Fig. 11 and 12 ). Moreover, hemicastration was never followed by compensatory hypertrophy of the remaining gonad. In normal conditions, compensatory hypertrophy results from an increase in hypothalamic stimulation of the pituitary, an effect which follows a lowered blood level of testicular hormones. Thus the absence of testicular hypertrophy in ducks with sectioned portal veins can be interpreted as a blockade of the transmission of hypothalamic influences. When some portal veins were left intact, or when some regeneration of the vessels occurred, the testes did not involute and the photosexual reflex remained normal.
It could be objected that in some animals of this group, the interruption of the portal blood supply had brought about a noticeable atrophy of the cephalic lobe of the pars distalis, where necrotic zones were at times observed. However, this does not seem to account for the results observed for several reasons. i) If we could exclude the aforementioned necrotic zones, the parenchyma of the adenohypophysis appeared uninjured. The cells were small, but the vascularization was good. ii) The amount of living parenchyma (60 to 85% of the total gland) exceeded the quantity reportedly required to insure full development of both seminiferous and interstitial tissue. In partially gonadectomized ducks, twenty per cent of the remaining pituitary tissue induced complete development of the gonads.
iii) The genodotropic function did not seem to be exclusively dependent upon the cephalic lobe of the adenohypophysis. When implanted in immature mice, both the cephalic and the caudal lobes had gonad-stimulating activity.
We assumed, therefore, that the genital atrophy observed after complete severance of the hypophyseal-portal vessels was best accounted for by the absence of any vascular connection between the AF-positive zone of the median eminence and the pars distalis.
3. Section of the hypothalamo-hypophyseal tract.'8 The influence of this intervention was variable according to the level of the section. For example, when the tract was severed in the infundibular stalk, the posterior lobe atrophied completely. However, the median eminence, the portal system, and the anterior lobe remained normal, and the gonadotropic function was not disturbed (eight cases, Figs. 11 & 12) . However, when the section was performed in the median eminence the whole neurohypophysis, including the posterior lobe and the median eminence, involuted. In these conditions the nerve fibers and the neurosecretory material were no longer seen in the median eminence and the gonads rapidly became completely and permanently atrophic (nineteen cases, Figs. 11 and 12) . 4 . Lesions of the anterior hypothalamus.' Large bilateral lesions were placed in the supraoptic and the paraventricular regions by means of a direct current coagulator (nineteen cases). Because the neurosecretory mnaterial originates in these nuclei their destruction was always followed by genital atrophy with the same latency as after hypophysectomy, an average of two to three weeks (Fig. 11) . The median eminence no longer contained AF-positive neurosecretory material. Moreover, hemicastration did not provoke compensatory testicular hypertrophy in these animals.' Once the anterior hypothalamic nuclei were destroyed, hypothalamic impulses no longer reached the pituitary to stimulate the gonadotropic secretion.
5. Cytological study of the pars distalis in control ducks and ducks subjected to operation. The cytology of the pars distalis was studied with staining methods which have been used for many years by Herlant and his collaborators. Opto-sexual reflex I BENOIT Herlant et at.' we were able to distinguish six cellular types in the duck's pituitary; five of them were homologous to those described by Herlant in a dozen mammals. According to Herlant's terminology, the acidophilic cells are referred to as alpha and epsilon, and the glycoprotein-containing cells as beta, gamma, and delta. Three types of cells appeared to be gonadotropic; one of them, located exclusively in the caudal lobe of the pituitary, turned carmine when stained with azan, purple with Herlant's dye, light blue with the methasol blue-PAS method, and is PAS-positive. These cells became active from December through April which is during the time of testicular growth. They involuted during testicular regression. The close parallelism between the testicular cycle, particularly the interstitial cells, and the secretory cycle of this hypophyseal type, enables us to consider it as LH-producing.
The beta cells, located in the cephalic lobe, were also PAS-positive and purple when stained with Herlant's dye; but they turned violet-blue with the methanol blue-PAS and were not carminophilic. Their activation and regression took place at a later period than it did for the gamma cells (February through July); they are believed to secrete FSH.
Epsilon cells, also located in the cephalic lobe, were PAS-negative, erythrosinophilic when stained according to Herlant COMMENT We may conclude from these experiments that in all ducks with genital involution and loss of photo-sexual reflex, the natural connection was interrupted between the "special zone" of the median eminence (with its nerve loops and its neurosecretory material) and the hypophyseal portal system. This interruption may be caused either by a vascular lesion such as section of the hypophyseal portal vessels or hypophyseal graft after hypophysectomy, or it may be caused by a nervous lesion such as complete section of the hypothalamo-hypophyseal tract at the level of the median eminence or anterior hypothalamic lesion.
The following observations support the theory of a neurosecretory humoral path for the photo-sexual reflex. i) In the duck, the photo-sexual reflex requires the absolute integrity of the connections between the hypothalamus and the adenohypophysis. ii) The hypothalamic control of the gonadotropic function seems to involve a neurohumoral mediator at the level of the "special zone" of the median eminence. This mediator, probably linked to the AF-positive, neurosecretory Opto-sexual reflex I BENOIT phosphatase content paralleled a rapid growth of the testes and returned to the initial value when the testicular size decreased.
SENSITIVITY OF THE PHOTORECEPTORS IN THE PHOTO-SEXUAL REFLEX
Now that we have reviewed the role of three organs involved in the photo-sexual reflex-the eye, the hypothalamus, and the pituitary-let us consider in greater detail the respective sensitivity of the two types of photoreceptors referred to earlier. FIG. 14. Testicular changes in five ducks kept for 8¼2 years in a completely dark environment (the experiment was started when the animals were 4 to 4¼2 months old). The cycles are irregular and shorter than the normal testicular cycle during the four first years; towards the end of the experiment, they surprisingly tend to parallel the yearly rhythm observed in the controls, and show a peak between May and July (unpublished curve from Benoit, Assenmacher and Brard).
Light-sensitivity of the retina vs. visual sensitivity. The light-sensitivity of the retina in the photo-sexual reflex seemed to differ in two respects from its visual sensitivity. For example, it may be inferred from experiments in which drakes were exposed to radiations, not only of different wavelengths, but of equal energies, only orange and red rays were effective in stimulating testicular growth. '52 also la-l In particular, yellow radiations, which were most active on vision were totally ineffective for gonad-stimulation (Fig. 13) .'
In further contrast, the receptors of the photo-sexual reflex seemed to be much less sensitive than the visual receptors. They were stimulated in the duck, as in many other birds, by threshold energies in the range of 1 to 5 lux, whereas the threshold for visual stimulation, in man for instance, equals about one millionth of this value. among them, could be the specific receptors of the photo-sexual reflex; their axons would be directly connected with the hypothalamus.
Sensitivity of the hypothalamus to direct visible radiations. The hypothalamus seemed to be sensitive to the whole spectrum, or at least to indigo, blue, yellow, and red rays, in contrast to the retina which, as we have seen, was stimulated only by orange and red radiations. The hypothalamic response to all these aforementioned colored radiations was recorded with the quartz rod stimulation method. '' Apart from the striking difference between the "neurovegetative" retina and the hypothalamic photoreceptor, it was demonstrated that the sensitivity of the hypothalamus to light is even greater than that of the peripheral receptor.' Thirteen ducks were transferred to a completely dark environment at ages varying from 18 to 135 days. Five of them were kept there for over eight years. The total absence of light did not prevent them from reaching sexual maturity with normal cycles although the onset of puberty occurred later than in control animals, and the cycles were shorter and irregular (from 3 to 12 months). During the first five years these cycles did not parallel the seasons and were less accentuated than in normal conditions (minimal and maximal average transverse diameters of the left testis:
16 and 32 mm. versus 8 and 45 mm.)'- (Fig. 14) . During the last four years the cycles tended to follow the normal periodicity. We are not able to explain this phenomenon. A certain synchronism was noted in the cycles of these animals, a fact which might imply the intervention of psychological factors. It appeared that light, if not absolutely essential to sexual activity, accounted for the seasonal periodicity observed in birds' gonads. There may be internal factors related to the properties and functions of the hypothalamus, the hypophysis, the gonads, the thyroid, and other organs, which may involve psychological factors and interact to impose a given but variable rhythmicity to the genital activity.
When exposed to continuous artificial light from the age of eighteen days on, ducks have presented for three years, irregular and short sexual cycles similar to those observed in animals deprived of light. These cycles were even shorter in some instances"" (Fig. 15) refractory period, since it responds to an injection of pituitary extracts'"-" (Fig. 17) . Its sensitivity to gonadotropic hormones might nevertheless be diminished during the regression period-it has indeed been noted in the female Sparrow that the gonads respond less' or more slowly' to serial gonadotropins during the refractory period.
The hypothalamus and the adenohypophysis might account for the refractory period and the following experiments can help us settle the question.
As the testes regress to a complete resting state during the refractory period, one can postulate that gonadotropins are, at that time, either missing or present at subthreshold levels in the blood. Furthermore, pituitary glands taken from ducks during the refractory period, then implanted in immature female mice, showed a higher gonadotropic potency than when taken during the period of sexual activity (Fig. 18) . Siminarly, the hypophysis of the pheasant was particularly rich in gonadotropins between August and January.' These experiments demonstrated that during the refractory period the release of gonadotropic hormones from the pituitary is considerably diminished or even stopped.
Bilateral castration, which causes a notable increase in volume of the adenohypophysis (100%o) when the testes are active, did not result in any increase of the pituitary's volume when it was performed during the refractory period (Fig. 19) . At this time too, hemicastration was not followed by hyperactivity of the pituitary and by compensatory hypertrophy of the remnant testis (Fig. 20) . Section of the portal veins or destruction of the anterior hypothalamus, followed by unilateral castration, did not lead to hypertrophy of the other testis."
All these results seemed to indicate that the hypothalamus and not the pituitary was responsible for the regression of the sexual activity during the refractory period. However, the definitive answer will not be known until the isolation of the gonadotropic releasing factor is accomplished and it is injected into birds during the refractory period. Then we may know if the pituitary is still able to secrete the gonadotropins or not. A positive response will establish without doubt that the refractory period is caused by a lessening of activity of the hypothalamus.
Implanting the pituitary yielded additional information concerning the release of the gonadotropins. When immature female mice were implanted with pituitaries taken from immature ducks maintained in a dark environment, ducks with slowly growing testes, the response of the genital tract of the mouse was strong indicating that the gonadotropic content of the pituitary was high. When implantation was made of pituitaries coming from illuminated immature ducks, the response of the mouse was minimal; gonadotropic content was low (Fig. 18 ).
Light appears, therefore, to enhance both secretion and excretion of gonadotropins, whereas the absence of light inhibits or stops their excretion. The hypothalamus itself may respond to variations in the amount of light and thus regulate the adenohypophyseal activity.
CONCLUSIONS
The results I have presented to you are demonstrative of the important role of the hypothalamo-hypophyseal complex in the photo-sexual reflex.
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Volume 34, October 1961 Opto-sexual reflex BENOIT Pituitary gonadotropic activity seems to be entirely regulated by the hypothalamus in the duck, as probably in all birds, through a neurohumoral mechanism involving one or several hypothalamic mediators related to the hypothalamic neurosecretion.
From a more general point of view, one should remember that the hypothalamus controls not only sexual activity, but, to a varying extent, the activity of the other endocrine organs and some of the most important autonomic functions. Some effects of light on blood pressure, diuresis, and glycemia, for instance, are well known. The importance of the hypothalamus for the autonomic system on one hand, and its close connections to the eye on the other, suggest that the study of the photo-sexual reflex should be extended to other photo-endocrine and to autonomic processes. Biologists would thus confront a more coherent and extensive field, and such an approach to the action of light upon the organism as a whole would correspond more closely to objective physiological conditions.
